BeiDou Navigation System can provide PNT services for mainland China. In this paper we present the design, implementation and evaluation of a simple, practical and cost effective Localization solution for wireless sensor network notes. This method is designed especially for manual deployments of WSN. We evaluate the solution exclusively in real deployments of BeiDou models. Experiments results show that 100% of the deployed notes have been successfully located and that the average errors are within 2 meters.
INTRODUCTION
Notes in Wireless Sensor Networks (WSN) need position information to complete their missions such as target detection and area control. These notes always possess limited resources (e.g. memory, processing power, radio bandwidth, energy) and this kind of limitation should be dealt with when design the WSNs [1] [2] . China's BeiDou navigation system now can provide regional navigation services for users throughout Asia. The advanced status of the space segment and the recent release of COMPASS/BeiDou-2-capable multi-constellation GNSS receivers by US and European manufacturers result in an increased public awareness and attention of the scientific community [3] . As a result, solutions based on BeiDou can be an alternative method for WSNs positioning problems. Accurate localization without sophisticated, expensive hardware is a problem that remains unsolved. In this paper we present a solution to manual deployed WSNs notes.
Sensor networks, driven by both industrial and academic developments, make location-awareness one of the essential services for many emerging applications. Many researches have been proposed to address the localization problem in sensor networks. Some of them are designed under certain assumptions and evaluated in simulation environments. For example, the Amorphous positioning algorithm proposed in [4] uses offline hop-distance estimations and multi-literation to estimate nodes' locations, assuming an isotropic RF radio. The APIT positioning algorithm [4] is a scheme in which a node infers its position based on the possibility of being inside or outside of a triangle formed by any three anchors. Another set of solutions use Time of Arrival (TOA) [5] and Time Difference of Arrival (TDOA) [6] techniques to obtain pair-wise distances. These techniques demonstrate high accuracy in localization in real deployment. However, they require extensive infrastructure support.
The rest of the paper is structured as follows. In the second section we present system design and architecture of our Beidou navigation system aided method for localization in manually deployed wireless sensor networks. The implementation of the system is described in section three. We present our extensive experimental results. Conclusion and future works are presented in section four.
II. SYSTEM DESIGN
In this section, we present the design architecture of the system and describe the internals of software components. The system is divided into two software components: the Beidou navigation module and the sensor module. A deployment diagram is shown in Figure. 
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The BeiDou navigation module runs on a DSP-based development board. The board is connected to a BeiDou navigation chip, and outputs its location information at periodic intervals. The sensor module component runs on all sensor nodes in the network. This component receives the location information broadcast by the Beidou navigation module and infers its position from the packets received. All complexity derived from the interaction with the PNT service is added to a single node (BeiDou navigation module). As a result, the size of the code and data memory used on the sensor node is significantly reduced and the costs are thus reduced.
Location information provided by Beidou navigation module is represented by the latitude and longitude, which are angular measures from the Equator to North or South, and Prime Meridian to East or West, respectively. Due to the relatively small size of a sensor network, the use of global coordinates is very inefficient. A local, Cartesian, coordinate system is derived. This local coordinate system of reference, which uses linear units, is better suited for WSN. The local system of reference has an origin specified in terms of global coordinates. Distance between this origin ( ,  ) and another point, with a location ( , ii  ) can be computed as follows: (2) h is the height over the ellipsoid. The localization scheme has two distinct phases. I. The first phase ( Figure. 2.a) is during the deployment of the sensor nodes. The Beidou module periodically beacons its location; the sensor nodes that receive this beacon infer their location based on the information present in this beacon.
II. The second phase ( Figure. 2.b ) is during the system initialization. If at that time, a sensor node does not have a location; it will ask its neighbors for their location information. The location information received from neighbors is used to infer its position. 
III. SYSTEM IMPLEMENTATION AND RESULTS

A. System Implementation
The BeiDou navigation system aided method for localization in manually deployed wireless sensor networks requires that the BeiDou module has a BeiDou navigation chip attached to it. A BeiDou module without a reference point is in a development state. No messages are sent by the module, as long as it is in this state. A reference point can be obtained either through radio communication, or from flash memory. Once a reference point is obtained through radio, it is also stored in the flash memory and the module is in a initialized state, now. The Beidou module sends location information by broadcasting an INIT_LOCALIZATION packet with a format shown in Figure. The sensor module should be in one of two states: initialized (if location information is present) or uninitialized. The state transition diagram for it is shown in Figure. If a sensor module enters the system initialization phase and it does not have a location, the sensor node broadcasts a packet of type REQ_HEL. Neighboring nodes that have a location respond by broadcasting packets of type REP_HEL. A sensor node that sent the message stores the responses in a buffer and computes its own location at the centroid of the locations received from its neighbors. A prototype sensor module is shown in Figure. 7. Figure. 7 Prototype system of the sensor module.
B. Experimental Results
The system was evaluated in an open field, as shown in Figure. 8. For an easier estimate of the localization error, we marked a grid mesh on the ground and deployed the sensors in grids. The Beidou module for localization was carried during the walk when the sensor modules are deployed manually. The result of the experimental evaluation is shown in Figure. 
Thus, the average localization error is about 2 meters.
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IV. SUMMARY
In this paper we presented the design, implementation and the evaluation of a localization solution that can be used in situations in which WSN are deployed manually. Experiments result show that 100% of the deployed notes have been successfully located and that the average errors are within 2 meters. The experience from the development of the current system can be further used in future research that will address the aerial deployment.
